Intellectual property rights (IPRs) have been identified as key drivers of economic performance in R&D based growth models, but their impact on development has not been fully explored in development accounting exercises. We introduce IPRs to the development accounting literature, using Two-Stage Least Squares Bayesian Model Averaging (2SBMA) to address endogeneity and model uncertainty at the instrument and income stages. We show that IPRs exert similar effects as "Rule of Law," which has long been heralded as a core development determinant in cross country regressions. Our results thus provide robust evidence that both dimensions of property rights, physical and intellectual, are crucial prerequisites to economic development. Most importantly, we document that IPRs which are simply written into law, but are unenforced, exert no effect on development. Instead, it is the level of enforced IPRs that causes development.
Introduction
Development determinants have long been the focus of cross-country growth regressions, which are well known to be subject to substantial model uncertainty (Barro, 1997; Durlauf et al., 2005) . This model uncertainty manifests itself in the vast number of candidate regressors that have been suggested by competing strands of growth and development theories. Durlauf et al. (2005) survey no fewer than 140 growth determinants for the Handbook of Economic Growth. Therefore it is not surprising that prominent approaches to development accounting conduct robustness exercises that juxtapose literally dozens of theories and candidate regressors.
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Conspicuously absent from this entire literature is, however, one approach that includes the strength of intellectual property rights (IPRs) as a potential development determinant. 3 The omission is surprising, given that IPRs are the central driving force of economic performance in all R&D based growth models. 4 Property rights over innovations guarantee returns for investors, whose inventions constitute the ultimate engine for long term development. In sharp contrast, the protection of physical property (e.g., capital investment) has long been widely accepted as a core determinant regressor in development empirics (as measured by "Rule of Law" or "risk of expropriation").
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We follow the canonical development determinant approach of Hall and Jones (1999) , Acemoglu et al. (2001) , and Rodrik et al. (2004) , and introduce IPRs as an additional candidate regressor into this well established line of development regressions.
Conceptually we could simply add IPRs to each one of the regressions suggested by the previous literature and report the IPR significance levels. Raftery (1995) points out, however, that significance levels are inflated when coefficients are based on a single statistical model whenever the uncertainty surrounding the validity of the particular 2 Acemoglu et al. (2001) and Rodrik et al. (2004) alone introduce more than 50 candidate regressors. 3 While the relationship between IPRs and growth is the subject of a voluminous literature (Gould and Gruben, 1996; Kim et al., 2010; Mohtadi and Ruediger, 2010 ) the effect of IPRs is usually not studied in cross-country development regressions, and never before with explicit endogeneity controls, see, e.g., Maskus and Penubarti (1995) , Ginarte and Park (1997) , Maskus (2000) , Chen and Puttitanun (2005) . 4 Romer (1990) and Aghion and Howitt (1992) assume perfect IPRs; and it is easily shown that the canonical R&D based growth model produces reduced growth and welfare with imperfect IPRs (see Eicher and Garcia-Penalosa, 2008) . 5 An alternative strand of the literature focuses on the effect of political institutions, see, e.g., Persson and Tabellini (2002) , and Besley et al. (2005 we are, however, the first to address causality and model uncertainty to clarify whether better IPRs foster high incomes or whether high levels of development produce excellent IPRs.
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The 2SBMA methodology addresses the issue of causality by introducing instruments that identify the particular effect of IPRs on development. To motivate potential instruments for IPRs we follow the law and economics literature, which suggests that a particular type of legal origin provides the necessary identification for legal institutions today (see La Porta et al. 1998 Djankov, 2003) . 6 See, e.g., Fernandez et al. (2001) , Sala-i-Martin et al. (2004), and Papageorgiou and Masanjala (2008) . 7 See, e.g., Maskus and Penubarti (1995) , Maskus (2000) , and Ginarte and Park (1997) . 8 Ginarte and Park (1997) tested the latter hypothesis, but do not control for endogeneity.
After addressing model uncertainty and causality, we find that IPR protection, specifically patent protection, exerts an important impact on development. This impact is separate and parallel to the impact of Rule of Law on development. The result highlights that both dimensions of property rights protection are crucial development determinants.
We can also show that the impact of IPRs is causal, as our identification strategy posits that IPRs drive income, and our tests of instrument validity support this hypothesis. In addition we show that the impact of patent rights on development depends crucially on the degree of intellectual property rights enforcement. As long as patent rights are simply "on the books" but not enforced, they are shown to exert no effect on development. It is the level of enforced patent rights that is positively correlated with development. We are not the first to attempt to resolve endogeneity and identify proximate and fundamental development determinants. Alternative approaches to development accounting include Mauro (1995) , who first suggested ethnolinguistic fragmentation as a fundamental determinant of corruption although the subsequent literature focuses on "Rule of Law" as a more basic development determinant. Hall and Jones (1999) introduced latitude and common language as instruments for an institutional proxy that is a composite of trade, corruption and rule of law. We include these candidate instruments below and highlight the importance of the latter. La Porta et al. (2004) presented yet another "horse race" of theories, juxtaposing judicial independence vs. constitutional review; we employ their hypothesis that judicial characteristics matter in order to motivate candidate instruments in our analysis. Lenkoski et al. (2009) apply 2SBMA to development determinants, but neglect IPRs.
We proceed as follows: Section 2 outlines the statistical approach that underlies 2SBMA and discusses theoretical properties of the technique, Section 3 describes the data, Section 4 discusses the key results and highlights the importance of both determinant and instrument uncertainty in the recent development literature, and Section 5 concludes.
Methodology

2.1
The Econometric Approach Acemoglu et al. (2001) suggest a particular theory of development, namely that private property rights (as measured by government risk of expropriation) are a crucial development determinant, and that the security of such property rights is crucially dependent on the type of colonial history a country experienced. Rodrik et al. (2004) broaden the definition of development determinants and conduct an all out "horse race"
of three potential determinants (private property rights, trade, and geography) against a host of alternative theories. Acemoglu et al. (2001) and Rodrik et al. 2004 constitute the most rigorous robustness tests that have been conducted; the studies employ the largest set of potential development theories to justify and juxtapose candidate regressors.
Both studies acknowledge that the effects of proximate development determinants are endogenous and apply the 2SLS instrumental variable technique to identify the specific effect that each determinant exerts on development. A complicating factor is, however, that competing theories suggest alternative sets of different instruments. 
Statistical Foundations
Instead of producing numerous robustness regressions, we resolve the model uncertainty using a statistical methodology that was specifically designed for that task, Two-Stage performance, but also on the performance of the particular set of instruments that gave rise to the particular second stage model.
In addition to resolving model uncertainty, Bayesian model averaging minimizes the sum of Type I and Type II error, the mean squared error, and generates predictive distributions with optimal predictive performance (Raftery and Zheng, 2003) . 2SBMA is also consistent and it reduces the many instrument bias that is especially relevant in approaches that juxtapose a number of alternative candidate regressors (Lenkoski et al., 2009 ). Below we provide a sketch of the 2SBMA methodology, limiting our discussion to the properties relevant to our application and refer the interested reader to the comprehensive tutorial and derivations by Raftery et al. (1997) and Lenkoski et al. (2009) for further discussion.
The standard approach to addressing endogeneity of development determinants is to apply two-stage least squares (2SLS) and impose over-identification and instrument restrictions according to
in which Y is the dependent variable, X is a vector of candidate regressors which is comprised of a vector of W endogenous and D exogenous variables. Reverse causality is of utmost interest in development regressions. Are countries rich because they have good institutions or property rights, or are property rights strong in countries that are sufficiently wealthy to maintain them?
In the presence of endogeneity, the determination of W leads to inconsistent estimates of the entire coefficient in (1). The 2SLS estimator solves the consistency problem, but relies on the existence of a set of instruments, Z, which are independent of Y, given the vector of covariates X. To identify the effect of W on Y, the researcher must suggest a set of instruments, Z such that
The IV estimates derived in a second stage by using the fitted values from the first stage 
is the predictive distribution and the model weight is
The model weight is thus comprised of the posterior probability for model M i and the prior densities for parameters and models,   
The BMA posterior mean is thus the weighted sum of all posterior means, where the weight is the quality of the model that generated a particular coefficient. The posterior variance is the sum of the weighted variance for each model plus a second term that indicates how much the estimates differ across models. To provide economically meaningful coefficient estimates we condition the posterior mean and variance on whether a regressor is included in the model. By summing the posterior model probabilities over all models that include a candidate regressor, we obtain the posterior inclusion probability
The posterior inclusion probability of a regressor is the probability that a variable is included in the true model. It provides a probability statement regarding the importance of a regressor that directly addresses the researchers' prime concern: what is the probability that the coefficient has a non-zero effect on the dependent variable? The posterior inclusion probability thus also carries an important interpretation that goes beyond the information contained in standard p-values.
General rules developed by Jefferies (1961) and refined by Kass and Raftery (1995) stipulate effect-thresholds for posterior probabilities. Posterior probabilities < 50% are seen as evidence against an effect, and the evidence for an effect is either weak, positive, strong, or decisive for posterior probabilities ranging from 50-75%, 75-95%, 95-99%, and > 99%, respectively. In our analysis, we refer to a regressor as "effective" if its posterior inclusion probability exceeds 50%. 
Data
Our data was collected from four major sources. Acemoglu et al. (2001) To identify the effect of physical and intellectual property rights on development requires instruments that influence property rights directly but are unlikely to impact the income level in 1995 directly. To identify the security of physical property rights, Acemoglu et al. (2001) propose settler mortality, which indicates whether a country was a settlement or extraction colony. Countries with the latter history are presumed to have adopted weaker property rights institutions. Alternative instruments for physical property rights are the fractions of the English or European language speaking population in a country (Hall and Jones, 1999) , which are hypothesized to serve as measures of the colonial powers' commitment to building good property rights institutions.
To introduce IPRs, we are required to propose additional instruments, and we rely on a country's type of legal origin. Specifically we follow the law and economics literature, which suggests either English common law or Roman (in particular French) civil law (La Porta et al., 1998 legal origins to have a profound impact on how intellectual property rights are considered by today's legal system. David and Brierley (1985) show that corporate law and commercial laws vary systematically by legal origin, and that French legal origins (civil law) are associated with greater formalism of judicial procedures (Djankov et al. 2003) and less judicial independence (La Porta et al. 2004 ).
The latter has been associated with better contract enforcement and greater security of property rights. Since the legal traditions were typically introduced into various countries through conquest and colonization, they are considered largely exogenous, which qualifies them as strong candidate instruments. The remaining variables included in our estimation are candidate regressors that have been previously argued to exert an effect on development and that were included in Rodrik et al.'s (2004) robustness checks.
Quantifying the Effects of IPRs on Development
This section reports the results of the 2SBMA estimation that introduces IPRs to the canonical development regressions by Acemoglu et al. (2001) and Rodrik et al. (2004) and resolves model uncertainty as part of the statistical procedure. We commence with the results for the aggregate patent index. Columns 2-4 and 5-6 in Table 2 reveal that our instrument strategy provides two effective instruments for patents (fraction of English speaking population in a country and French legal origin) and that physical property rights are also well identified. The Bayesian Sargan test (see Lenkoski et al., 2009) confirms that the exogeneity condition is fulfilled and the instruments are not correlated with the error term in the equation of interest. In other words, the legal and colonial history instrument regressors do exert an effect on development, but not directly, only indirectly through their impact on IPRs. We can thus be confident that the endogeneity of IPRs has been addressed successfully and are able to discuss causal effects of IPRs on development.
The impact of the aggregate patent index on development is, however, disappointing: The aggregate patent index does not surpass the effectiveness threshold.
Instead, "Rule of Law" and geographic variables, such as tropics, malaria, and the SouthEast Asia dummy show inclusion probabilities that are significantly larger than 50%. One hypothesis could be that the weak effect of the aggregate patent index reflects the sizable number of developing countries that achieve high marks for the breadth of their patent laws, but whose intellectual property rights laws are not well enforced.
By disaggregating the patent index, we can find that the average patent duration is largely identical for developing and developed countries. In contrast, a number of developing countries exhibit a dismal score for the enforcement of their stringent patent rights. With an average patent enforcement index of 0.11, developing countries' enforcement mechanisms are almost eight times weaker than the average protection afforded by developed economies.
To test our hypothesis formally, we replace the aggregate patent index by the patent enforcement index and reestimate the above specification. With three valid instruments (settler mortality, fraction of population speaking English, and French legal origin), patent enforcement is well identified. The result of the Sargan test confirms the exogeneity of the instruments, which allows us to discuss causal results. Table 3 reports strong positive effects of the enforcement of intellectual property rights on development.
Given the coefficient estimates in column 9, we find that a one standard deviation increase in patent enforcement increases income by 42.0%. This magnitude is impressive
given that a one standard deviation increase in "Rule of Law", the key regressor in the previous literature, increases income by a similar magnitude (by 41.7%). This result strongly suggests that both dimensions of property protection, physical and intellectual, are crucial for development.
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To illustrate the impact of these two dimensions, consider two examples: 1995 per capita income in the US has been about 4.3 times higher than in Venezuela. Our results suggest that if Venezuela adopted the degree of intellectual property rights enforcement and the level of Rule of Law to match the levels in the US, the income difference between the two countries would only be about 11%. Our other example compares the US and India. In 1995 US per capita income was about 14 times greater than India's. If India adopted US intellectual and physical property rights, the predicted result would be a tenfold reduction in the income differences between the two countries.
Apart from highlighting the impact of the two dimensions of property protection on development, our results also emphasize the importance of accounting for model uncertainty at both the instrument and income stages. The approach allows us to augment the findings by Rodrik (2004) and Acemoglu et al. (2001) . Our approach discovers, for example, additional income determinants: While Rodrik et al. (2004) and Acemoglu et al. (2001) find at best weak direct evidence of geography on development we find strong effects for geographic variables that influence the level of development (e.g., Latin
America, East Asia, tropics, and malaria). 12 These results are consistent with the results obtained by Lenkoski et al. (2009) who account for model uncertainty by using 2SBMA.
In line with the results by Rodrik et al. (2004) , we also find that trade does not surpass the effectiveness threshold. Our first stage results confirm those of Lenkoski (2009) and Albouy (forthcoming, AER) in that settler mortality is not an effective instrument for
Rule of Law in contrast to the findings of Rodrik (2004) and Acemoglu (2001) . However, we do find that settler mortality serves as a strong instrument for the intellectual property dimension of institutions as its inclusion probability for patent enforcement is almost 90%. All other results conform to Lenkoski et al. (2009 ), Rodrik et al. (2004 ), and Hall and Jones (1999 in that common language variables are shown to be excellent instruments for institutions.
Conclusion
The literature that attempts to isolate development determinants has long focused on the effects of physical property rights protection as a key determinant of the observed differences in per capita incomes. Rule of Law (Rodrik et al., 2004) or Risk of Government Expropriation (Acemoglu et al., 2001 ) had previously been identified as crucial institutional development determinants. Theoretical models of development also highlight, however, the importance of intellectual property rights, which we introduce to the development empirics literature in our paper.
Cross-country growth and development regressions are well known to suffer from substantial model uncertainty, and numerous candidate regressors and theories have been proposed by the voluminous literature in outright "horse races" (Rodrik et al., 2004; La Porta et al., 2004) . Not only is the uncertainty about development determinants substantial, but theories which suggest instruments to resolve endogeneity are equally abundant. In this paper, while introducing IPRs into the cross country development literature, we account for endogeneity of the development determinants and address model uncertainty at the income determinant and instrument levels using Two-Stage Least Square Bayesian Model Averaging (2SBMA).
We find that intellectual property rights exert a strong impact on development if they are properly enforced. The important insight is thus that both intellectual and physical property rights are crucial determinants of cross-county income differences.
Interestingly, our results suggest that the two dimensions of property rights protection hold equally strong explanatory power: a one standard deviation increase in "Rule of Law" increases per capita income by 42%, and this effect is identical to the impact of a one standard deviation increase in patent enforcement, which is also estimated to raise per capita income by the same amount. In line with previous studies, we also find evidence for an effect of geographical variables (as malaria and tropics) on development.
We conclude from the data that the effective protection of both physical and intellectual property rights, along with geography, are the key determinants of a country's economic development. 
